Congenital liver anomalies are uncommon. Symptomatic accessory hepatic lobes (AHL), either in continuity with the liver or ectopically located, are even less common. AHL have been reported in individuals spanning from neonates to octogenarians and are typically asymptomatic, however when symptomatic often require surgical intervention. We report three new cases of AHL in children (mean ¼ 14.6 years). All three presented with sudden onset of abdominal pain and were diagnosed preoperatively by imaging findings. All three patients had symptom resolution following resection of the torsed accessory liver lobes. We report here the largest series of pediatric AHL torsion at a single institution to date, review the classification schemes, identify diagnostic imaging findings, and summarize associated congenital disorders that should raise suspicion for accessory hepatic lobes.
Congenital liver anomalies include anomalous fissure formation, anomalous lobulation, lobar fusion, lobar hypoplasia or aplasia, and accessory hepatic lobes (AHL) [1, 2] . Morgagni first described AHL in 1767 [2] . The incidence of AHL is estimated to be <1% based upon a series of 1802 patients in Japan who underwent laparoscopy and were observed to have AHL [3] . However, symptomatic AHL are considerably more rare. AHL may develop within either the abdomen or chest, where they are most commonly contiguous with the liver proper by either parenchyma or a mesentery. AHL may also be completely discontinuous from the liver (as ectopic accessory livers) or embedded within other organs [4, 5] .
AHL may be sessile with a wide base of continuous hepatic parenchyma connected to the liver proper (i.e., Reidel's Lobe) or exist as a pedunculated mass of hepatic parenchyma attached by a vascular pedicle [3] . The vast majority of AHL are asymptomatic, however AHL featuring a narrow pedicle and absence of fixating ligamentous attachments are susceptible to torsion [6] . Fisher described the first case of symptomatic AHL in 1925 [2] . In our review of the literature, we have identified nineteen previous cases of AHL reported in children. Herein, we report our institutional experience with symptomatic AHL comprised of three additional pediatric cases.
Case report

Case 1
A previously healthy twelve-year-old girl presented with sudden onset of abdominal pain associated with nausea, anorexia and loose stools. Laboratory analysis was notable for mild leukocytosis, elevated alkaline phosphatase and otherwise unremarkable hepatic function tests. A computed tomography (CT) with intravenous contrast scan revealed a non-enhancing 5.0 Â 3.0 cm mass just below the liver. Abdominal US study demonstrated a hypoechoic lesion arising from the right lobe of the liver, with a histogram signature similar to that of the adjacent liver ( Fig. 1 ). Based largely on ultrasound imaging, torsion of an accessory hepatic lobe was suspected preoperatively. She underwent exploratory laparotomy where torsion of an AHL arising from the left liver lobe and associated inflammatory changes within the gastro-hepatic ligament were seen. She had resolution of her symptoms following AHL resection.
Case 2
A thirteen-year-old boy presented with two days of sudden onset epigastric pain associated with emesis and anorexia. Past medical history was notable for an umbilical hernia repair. Biochemical studies demonstrated mild leukocytosis, however, hepatic function tests were unremarkable. A contrasted CT scan was completed demonstrating a 1.5 Â 3.2 Â 3.0 cm mass arising from the left lobe of the liver ( Fig. 2A and B ). For further evaluation of the flow to the mass and its tissue characteristics, abdominal Doppler and grayscale ultrasound (US) was performed. US demonstrated a triangular, hypoechoic lesion intimately associated with the undersurface of the liver in close relationship to the falciform ligament with surrounding edema and no flow on Doppler interrogation concerning for AHL torsion (Fig. 2C ). He underwent diagnostic laparoscopy, where torsion of an AHL within the falciform ligament was confirmed. The AHL featured a narrow pedicle arising from the junction of the left medial and lateral segments of the liver (Fig. 2D ). Successful laparoscopic resection of the AHL was performed using a harmonic scalpel. The patient had immediate symptom resolution post-operatively and was discharged home the day after surgery.
Case 3
A nineteen-year-old boy with history of cloacal exstrophy, status post bladder repair, colostomy, and urinary reconstruction, presented with sudden onset of right upper quadrant pain radiating to the umbilicus. Abdominal pain was associated with non-bilious vomiting. Biochemical studies were notable for elevated white blood cell count and very mild elevation of both aspartate aminotransferase and alanine aminotransferase. He underwent a contrasted CT scan demonstrating a relatively hypodense, oblong mass along the inferior margin of the right liver, measuring 4.7 Â 10.2 Â 9.7 cm, arising from a narrow pedicle extending from hepatic segments V and VI, consistent with a torsed AHL ( Fig. 3A) . Additionally, gallbladder distension and intrahepatic biliary ductal dilation were present. Abdominal US demonstrated a thickened gallbladder wall; hepatic arterial and venous flow to the AHL were decreased, but not absent ( Fig. 3B ). Of note, vascular structures were shared by the abnormal gallbladder and the accessory lobe ( Fig. 3B ). Given his extensive surgical history, he underwent open exploration via a right subcostal incision. A large torsed AHL including the gallbladder was identified arising from the right lobe of the liver by a narrow vascular pedicle ( Fig. 3D) . Given the nonanatomic location of the gallbladder, intraoperative cholangiography was performed demonstrating a long, tortuous cystic duct inserting into the common bile duct with a normal common hepatic duct bifurcation, and distal opacification of the duodenum (Fig. 3C) . Concomitant cholecystectomy and resection of the torsed AHL (Fig. 3E) were performed leading to post-operative resolution of symptoms.
Discussion
AHL develop secondary to defects of liver organogenesis. Liver development begins with the ventral outpouching of the hepatic diverticulum from the distal foregut endoderm early in the third week of gestation [2] . The cranial portion of the hepatic diverticulum invades the mesenchymal septum transversum to develop hepatic cords that give rise to hepatocytes and intrahepatic bile ducts. The caudal portion of the hepatic diverticulum ultimately gives rise to the gallbladder, common bile duct, and cystic duct, as well as the ventral pancreas [2] . The embryonic liver undergoes tremendous embryonic growth in early gestation, expanding beyond the septum transversum to occupy the ventral mesentery. As such, AHL may persist within the mesenteric remnants (i.e., falciform and gastrohepatic ligament) as seen in cases 1 and 2.
AHL are also associated with persistent defects of anterior abdominal wall. In our series of three patients, two had anterior abdominal wall defects (cloacal exstrophy and umbilical hernia). Of the twenty-two children reported to have AHL, 41% (9/22) were associated with abdominal wall defects including omphalocele, Beckwith Wiedemann syndrome, umbilical hernia, and cloacal exstrophy ( Table 1) . Two reported pediatric cases of AHL also exhibited congenital diaphragmatic hernia ( Table 1 ). The infrequency of clinically recognized AHL prohibits direct correlation, but the large number of concurrent abdominal wall defects in patients diagnosed with AHL is highly suggestive of a developmental relationship. One prevailing theory for this association is that heteroplastic development of accessory lobes may impede closure of the umbilical ring [7] .
AHL can be classified according to size, location, presence or absence of a capsule, and biliary drainage. AHL were first categorized by biliary drainage including (a) AHL bile duct drains into intrahepatic biliary tree, (b) AHL bile duct drains into extra-hepatic bile duct, and (c) AHL shares a capsule with the native liver and has extra-hepatic biliary drainage [8] . Later, AHL were described using a classification system that included ectopic accessory liver tissue that may or may not have its own biliary drainage [2] . The four types of AHL were described as follows: (1) large AHL (>30 g) attached to liver by a stalk, (2) small AHL (<30 g) attached to the liver, (3) ectopic accessory liver without any connection to liver proper, and (4) microscopic ectopic liver found occasionally in the gallbladder wall [2, 3] . While microscopic ectopic liver tissue is more likely an incidental pathological finding without clinical significance, pedunculated type 1 and 2 AHL with a narrow connection to the liver proper have the potential for torsion. Moreover, type 1 are more likely to cause abdominal pain secondary to torsion or to sustain injury during trauma [9] . Cases 1 and 3 were large AHL while Case 2 was a small AHL, however all three cases exhibited a narrow hepatic connection predisposing to torsion. Most AHL are assumed to be asymptomatic since they are predominantly discovered incidentally or in cadavers. However, several conditions warrant operative intervention for AHL. AHL may be source of intra-abdominal hemorrhage following traumatic injury [9, 10] . Gallbladder torsion or acalculus cholecystitis may result if AHL is closely related anatomically as in case 3. Because AHL consist of hepatic parenchymal tissue, they have the potential to develop hepatocellular carcinoma [9] . Albeit rare, complete liver failure requiring liver transplantation caused by hepatic ischemia from AHL torsion has been reported [6] . Finally, torsion of an accessory liver lobe as in our three cases causes abdominal pain unlikely to spontaneously resolve and warrants operative intervention.
All three of the cases reported herein presented with acute abdominal pain, prompting radiographic evaluation with both contrasted CT scan and ultrasonography. Koumanidou et al. described ultrasound, non-contrasted CT, and magnetic resonance imaging findings in a pediatric patient with AHL, however imaging findings were nonspecific for diagnosis [11] . However, our three patients had similar clinical presentations and imaging findings that we believe to be diagnostic. On both CT and ultrasound, AHL presents as a well-circumscribed lesion adjacent to the underlying hepatic surface, more commonly the left. When torsed, there is no contrast enhancement on CT, thereby appearing of low attenuation with respect to the adjacent enhancing liver. There may be adjacent fat stranding if there is surrounding inflammation. If the torsion has not resulted in infarction, some perfusion may be detected as in case 3. On ultrasound, the lesion may be hypoechoic with respect to the liver, but portal markings are often visible (Figs. 1, 2C and 3B ). Doppler interrogation may reveal no flow, as in case 2 (Fig. 2C ) or decreased flow as in case 3 (Fig. 3B) . Based upon the decreased arterial and venous flow in the AHL on preoperative imaging in case 2, we elected to proceed with laparoscopy and successfully completed laparoscopic resection of this lesion. While case 3 had similar imaging findings, we elected not to proceed with laparoscopy given the patient's history of cloacal exstrophy necessitating prior laparotomies.
In summary, AHL are found in a small percentage of the population, particularly in patients with abdominal wall defects, but are typically asymptomatic and subclinical. However, when attached to the liver by a narrow pedicle they can torse. Torsed AHL should be included in the differential diagnosis of patients presenting with the sudden onset of abdominal pain associated with nausea, anorexia and leukocytosis. The typical imaging findings that we have described in our cases are diagnostic. Our experience also suggests that torsed AHL are amenable to laparoscopic resection, particularly when small, as they tend to have a narrow stalk-like attachment to the liver that predisposes to torsion and small size is favorable for laparoscopic removal. Grunz 
